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COACERVATES AND ENZYMES 
PROTEIN-CARBOHYDRATE COACERVATES AND 6-AMYLASE 

T.  N. Yevreinova, T. A. Shubert ,  and M. N. Nestyuk 

(Presented by academician A. I. Oparin, May 1 7 ,  1955) 

ABSTRACT 

The au thors  s tudy the  f e a s i b i l i t y  of t h e  
decomposition of s t a r c h  i n  coacerva te  drops by 
enzymatic a c t i v i t y  t o  low-molecular products ,  
i .e . ,  sugars .  I n  t h e  s o l u t i o n  of t h e  problem 
use  w a s  made of 6-amylase, which decomposes 
s t a r c h  p r imar i ly  wi th  the  formation of maltose.  
The enzyme w a s  obtained from soybeans. The 
p repa ra t ion  w a s  active a t  pH 3.6 - 7.0. There- 
f o r e ,  f o r  s tudying  i t s  a c t i v i t y ,  coacervates  were 
s e l e c t e d  which form at pH 4 . 4  - 4.8. I n  coacervate  
drops, conta in ing  gum arabic, g e l a t i n e ,  s t a r c h ,  and 
t h e  enzyme 8-amylase, the  process  of decomposition 
of s t a r c h  t o  low-molecular compounds, i .e . ,  sugar ,  
has  been shown. 

I n  an earlier r e p o r t  [6]  t h e  in t roduc t ion  of a-amylase i n t o  a starch-/137* 
con ta in ing  coacerva te  w a s  descr ibed ,  and t h e  a c t i v i t y  of t h i s  enzyme i n  
t h e  coacerva te  w a s  e s t ab l i shed .  
t h e  coacerva te  decomposes s t a r c h  mainly t o  d e x t r i n s ,  compounds of compara- 
t i v e l y  high molecular  weight.  The present  r e p o r t  involves  t h e  f e a s i b i l i t y  
of  decomposition of s t a r c h  i n  coacervate  drops by enzymatic a c t i v i t y  t o  
low-molecular products  - t o  sugars .  
enzyme 8-amylase w a s  used, which decomposes s t a r c h  p r imar i ly  wi th  t h e  
format ion  of mal tose.  The enzyme was obta ined  from soybeans [81. The 

The a c t i o n  of a-amylase i n  t h e  drops of 

For t h e  s o l u t i o n  of t h i s  problem t h e  

* Numbers given i n  t h e  margin i n d i c a t e  pagina t ion  i n  o r i g i n a l  f o r e i g n  t e x t .  
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p repa ra t ion  w a s  active a t  pH 3 . 6  - 7.0. Therefore ,  f o r  s tudying  i t s  
a c t i v i t y ,  coacerva tes  were s e l e c t e d  which form a t  pH 4.4 - 4.8. 

For prepar ing  coacerva tes ,  0.67% aqueous s o l u t i o n s  of g e l a t i n e  and 
gum a r a b i c  were mixed i n  5 : 3 r a t i o .  Two m l  of t h e  mixture  were mixed 
wi th  0.25 - 1.0  m l  of a 1% aqueous s o l u t i o n  of s o l u b l e  o r  phosphorylated 
s t a r c h  [ 7 ,  1 3 .  The volume w a s  brought t o  1 m l  by a d d i t i o n  of d i s t i l l e d  
water. I n  one of t h e  experiments 2 m l  of s o l u b l e  s t a r c h  w a s  added. The 
obtained mixture  w a s  heated 3 min a t  40 - 42°C on a water ba th  and sub- 
sequent ly  a c i d i f i e d  wi th  4% acetic ac id  t o  pH 4 . 6  - 4.85, coacerva te  drops 
being formed during t h i s  process .  
enzymes were s tudied  only a f t e r  formation of coacerva te  drops.  Thei r  
presence i n  t h e  system w a s  e s t ab l i shed  under t h e  microscope a t  magnifi-  
c a t i o n  from 80 t o  320 x .  On add i t ion  of 0.01 N s o l u t i o n  of i od ine  i n  
potassium iod ide ,  t h e  s tarch-containing drops  are dyed t o  a dark  blue- 
v i o l e t  color*.  

I,n a l l  cases, t h e  coacerva tes  and 

The d i s t r i b u t i o n  of s t a r c h  i n  the  coacerva te  systems w a s  determined. 
For t h i s  purpose,  t h e  test tube  wi th  t h e  coacerva te  was-placed i n  a 
snow-fi l led c e n t r i f u g e  beaker and cent r i fuged  5 min a t  3000 rpm. The 
coacerva te  drops s e t t l e d  on t h e  bottom and w a l l  of t h e  tube  i n  t h e  form 
of a p r e c i p i t a t e .  The coacerva tes  were preserved i n  drop form i n  t h e  
p r e c i p i t a t e .  Both p r e c i p i t a t e  and c e n t r i f u g a t e  were hydrolyzed w i t h  
2% hydrochlor ic  ac id .  The formed glucose w a s  determined by Ber t r an ' s  
micro-method [2] .  The i d e n t i c a l  coacervate ,  bu t  without  s t a r c h ,  w a s  
used i n  a simultaneous c o n t r o l  test ( 1  m l  s t a r c h  w a s  rep laced  by 1 m i  
water; t h e  replacement w a s  r equ i r ed  t o  o b t a i n  t h e  same volume and r a t i o  
of components). Subsequently,  from t h e  amount of glucose obtained by 
hydro lys i s  of t h e  p r e c i p i t a t e  and c e n t r i f u g a t e  of t h e  s ta rch-conta in ing  
coacerva te ,  t h e  amount of glucose was c a l c u l a t e d  which w a s  ob ta ined  by 
hydro lys i s  of p r e c i p i t a t e  and c e n t r i f u g a t e  from a coacervate  which does 
n o t  con ta in  s t a r c h .  The amount of s t a r c h  w a s  ca l cu la t ed  by mul t ip ly ing  
t h e  determined glucose by 0.9. 
p r e c i p i t a t e  and c e n t r i f u g a t e  w a s  ca l cu la t ed  i n  r e l a t i o n  t o  t h e  t o t a l  
amount of s t a r c h  i n  t h e  t o t a l  coacervate  ( see  Table 1). 

The percentage of s t a r c h  i n  t h e  

~ 1 *If coace rva te  drops are prepared from g e l a t i n e  and gum a r a b i c  and 
t h e  b lue -v io l e t  1% s o l u t i o n  of so luble  s t a r c h  wi th  iod ine  i s  added t o  t h e  
d rops ,  t h e  drops slowly adsorb t h e  s o l u t i o n ,  becoming colored whi le  t h e  
surrounding l i q u i d  t u r n s  c o l o r l e s s .  
abso rp t ion  of dyes by coacervates  [5] ,  bu t  t h e  absorp t ion  of t h e  h igh  
molecular  iod ine-s ta rch  compound i s  i n t e r e s t i n g .  

This  phenomenon is  similar t o  t h e  
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Sta rch  i n  
t h e  mixture  
i n  m l  

TABLE 1 

, i n  m g  i n  X  IT mz per  m l  
1 

i n  i n  i n  i n  i n  i n  i n  
prec ip i -  c e n t r i f u -  t o t a l  p rec ip i -  c e n t r i f u -  p rec ip i -  c e n t r i f u -  

t a te  g a t e  coacer- ta te  g a t e  ta te  g a t e  
.vate 

D i s t r i b u t i o n  of s t a r c h  i n  coacerva tes  
t S ta rch  conten t  

0.5 (3.3 mg 0.178 
dry  m a t e r i a l )  

0.5 (3.83 mg 0.334 
d ry  m a t e r i a l )  

2.0 0.371 

c 

2.39 2.57 6.93 93.00 1 .78  0.82 

2.216 2.55 13.10 86.90 3.43 0.76 

10.42 10.79 3.44 96.56 - - 

Phosphorylated s t a r c h  

I ’  

0.4 1.97 I 5.58 1 94.42 1 1.10 I 0.64 I 0*11 I 1’86 

The d a t a  of Table 1 i n d i c a t e  t h a t :  1) The coacerva te  drops i n  
p r e c i p i t a t e s  con ta in  s t a r c h .  2) A t  constant  composition of o the r  components 
of t h e  coacerva te ,  t h e  percentage of s t a r c h  bonded i n  coacerva te  drops 
varies w i t h  t h e  amount of s t a r c h  added. 3) A t  a s t a r c h  conten t  of 10.77 mg 
and more i n  t h e  t o t a l  coacervate t h e  percentage of s t a r c h  decreases  i n  t h e  
f r a c t i o n  corresponding t o  t h e  coacervate  drops.  
a t  s t a r c h  con ten t s  of 2.57 mg o r  less. 4) The h ighes t  percentage of 
s t a r c h  i s  contained i n  t h e  coacervate  drops i f  t h e  t o t a l  coacerva te  con ta ins  
2.55 mg s o l u b l e  s t a r c h  o r  1.97 mg phosphorylated s t a r c h .  5) The abso lu te  
amount of s o l u b l e  s t a r c h  i n  coacervate  drops a t  t o t a l  s t a r c h  con ten t s  
of 2.55 mg and 10.79 mg is  h ighly  similar (0.334 and 0.371 mg). 6) The 
t o t a l  volume of coacerva te  i s  3 m l ,  t h a t  of p r e c i p i t a t e  a f t e r  c e n t r i f u g a t i o n  
is 0.1 m l ,  and t h e  amount of s t a r c h  ca l cu la t ed  pe r  u n i t  volume i n d i c a t e s  
t h a t  i n  t h e  coacerva te  drops,  forming t h e  p r e c i p i t a t e ,  t h e  concent ra t ion  
of s t a r c h  i s  2 and even 4.5 t i m e s  h igher  than  i n  t h e  surrounding s o l u t i o n  
( s e e  Table  1). 
f u r t h e r  s t u d i e d ,  bu t  t h e  d a t a  obtained permit  t h e  assumption of a 
s a t u r a t i o n  l i m i t  of coacerva te  drops wi th  s t a r c h ,  which can no t  be changed 
by a f u r t h e r  i n c r e a s e  i n  t h e  amount of s t a r c h .  
bonded by t h e  protein-carbohydrate  component of t h e  coacervate .  

The same e f f e c t  is  shown 

The e n t r y  of s t a r c h  i n t o  t h e  coacerva te  drops w a s  no t  

Obviously, t h e  s t a r c h  is  

In prepar ing  such coacerva tes ,  t h e  p u r i t y  of t h e  r eagen t s  and 
e s p e c i a l l y  of t h e  s o l u b l e  and phosphorylated s t a r c h  i s  very important .  
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Unfortunately,  t h e  s t a r c h  content of a s i n g l e  coacerva te  drop could 
not  be determined i n  t h e  present  study. 
hard ly  be expected between t h e  s t a r c h  concent ra t ion  i n  a l l  coacervate  drops 
and i n  each of t h e s e  drops.  
cons ider ing  s t u d i e s  of t h e  amount of r ibonuc le i c  a c i d  i n  a l l  coacervate  
drops and i n  an i n d i v i d u a l  coacervate  drop [3] .  
similar magnitudes. Deviat ions from t h e  average va lues  are p o s s i b l e ,  
of course.  

Determination of t h e  Enzymatic Ac t iv i ty  of 6-Amylase i n  Coacervate.  

42OC were mixed, using 2 m l  of a mixture of 0.67% s o l u t i o n s  of g e l a t i n e  
and gum a r a b i c  (5  : 3 ) ,  0.5 m l  of 1% solub le  s t a r c h ,  and 0.5 m l  of 0.05% 
s o l u t i o n  of 6-amylase. The mixture  was a c i d i f i e d  t o  pH 4.82 - 4.85 wi th  
acetic ac id .  The coacerva te  formed was heated a t  t h e  same temperature  f o r  
15 min on t h e  water ba th .  
under cool ing as descr ibed .  The reducing power of suga r ,  formed by 
r e a c t i o n  of 6-amylase wi th  s t a r c h ,  was ca l cu la t ed  i n  m l  of JCMnO Control  
tests wi th  @-amylase i n a c t i v a t e d  by b o i l i n g  were s imultaneously c a r r i e d  
out .  The experimental  r e s u l t s  are presented i n  Table 2. 

Large d i f f e r e n c e s ,  however, can 

This  assumption appears  h igh ly  probable ,  
/139 

These s t u d i e s  gave 

I n  o rde r  t o  determine t h e  enzymatic a c t i v i t y ,  s o l u t i o n s  preheated t o  

Subsequently,  t h e  mixture  w a s  cen t r i fuged  

4' 

S t a rch  

Soluble  
(0.5 m l  i n  
mixture)  

Phosphorylated 
(1.0 m l  i n  
mixture)  

TABLE 2 

Var i a t ion  

T e s t  
Control  

T e s t  
Control  

A c t i v i t y  of 6-amylase with s t a r c h  i n  coacerva tes  

I 0.01 N K 
D r e c i D i t a t e  

1 

0.65 
0.19 

1.10 
0.62 

2 

0.75 
0.20 

1.24 
0.57 

i n  m l  
7 cent  

1 

3.45 
0.20 

7.46 
0.33 

i f u g a t e  

2 

3.70 
0.20 

7.42 
0.33 

The d a t a  of Table  2 i n d i c a t e  t h a t  6-amylase decomposes s t a r c h  both 
i n  t h e  p r e c i p i t a t e  ( i n  t h e  phase of coacerva te  drops) and i n  t h e  c e n t r i f u -  
g a t e .  The t o t a l  volume of coacervate  s o l u t i o n  is  3.0 m l ,  t h e  p r e c i p i t a t e  
r e p r e s e n t i n g  0.1 m l .  For 2.9 m l  c e n t r i f u g a t e ,  3.25 - 3.50 m l  of 0.01 
N KMnO s o l u t i o n  are used i n  t i t r a t i o n  ( s u b t r a c t i n g  t h e  b l i n d  t e s t ) ,  t hus ,  

/ (approximate ly)  0.11 - 0.12 m l  should be used f o r  0 .1  m l ,  and t h e  test 
w i t h  the p r e c i p i t a t e  showed t h a t  0.45 - 0.55 m l  of 0.01 N KMn04 i s  

consumed. Therefore ,  t h e  concent ra t ion  of sugars  i n  coacerva te  drops 
( p r e c i p i t a t e )  i s  approximately 4 times h igher  than  i n  t h e  surrounding 
drops of  s o l u t i o n  ( c e n t r i f u g a t e ) .  It i s  p o s s i b l e ,  however, t h a t  mal tose 
p e n e t r a t e d  i n t o  t h e  coacerva te  drop o r  t h a t  i t  w a s  adsorbed onto it  from 

4 
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Coacervate 

t h e  surrounding s o l u t i o n .  To s tudy  t h i s  p o s s i b i l i t y ,  0.2 m l  (1.69 mg) of 
mal tose s o l u t i o n  w a s  added t o  t h e  coacervate ,  conta in ing  B-amylase 
i n a c t i v a t e d  by b o i l i n g .  
a t  42OC and a f t e r  cen t r i fug ing  under cool ing  t h e  maltose i n  t h e  p r e c i p i t a t e  
and c e n t r i f u g a t e  w a s  determined from its reducing power, r epor t ed  i n  
m l  of KMn04, 

The coacervate  wi th  maltose w a s  s t o r e d  f o r  15 min 

Control  tests without  mal tose were run s imultaneously.  The 

0.01 m l  N KMnO,. i n  m l  

c e n t r i f u g a t e  p r e c i p i t a t e  

t es t  r e s u l t s  are given i n  Table 3. 

Malt os e 

TABLE 3 

Determination of maltose i n  coacerva tes  

2.90 I 0.31 

F r a c t i o n  

P r e c i p i t a t e  of coacerva te  
I1 + c e n t r i f u g a t e  of 
coace rva te  I 

Te! 
precipitate 

0.94 

0.31 I Without mal tose I 0.22 

The d a t a  of Table  3 show t h a t  mal tose i s  p resen t  only i n  t h e  
c e n t r i f u g a t e ,  whereas t h e  coacerva te  drops ( p r e c i p i t a t e )  do no t  con ta in  
maltose.  Therefore ,  t h e  presence of mal tose  i n  coacerva te  drops i s  due 
t o  t h e  r e a c t i o n  of B-amylase wi th  s t a r c h  p resen t  i n  t h e s e  drops.  

P r e c i p i t a t e  of  coacerva te  
I + c e n t r i f u g a t e  of 
coace rva te  I1 

To o b t a i n  a d d i t i o n a l  d a t a  suppor t ing  t h e  presence of amylase i n  
1140 coacerva te  drops two coacerva tes  were prepared:  I - from gum a r a b i c ,  - 

g e l a t i n e ,  and s o l u b l e  s t a r c h ,  and I1 - from gum a r a b i c ,  g e l a t i n e ,  
s o l u b l e  s t a r c h ,  and @-amylase. Subsequently t h e  coacerva tes  were 
cen t r i fuged  and t o  t h e  p r e c i p i t a t e  of coacerva te  11, conta in ing  ferment ,  
w e  added t h e  c e n t r i f u g a t e  of coacervate  I, which contained s o l u b l e  s t a r c h ,  
and vice versa. The mixture  obtained w a s  heated and s t o r e d  f o r  15 min 
a t  42OC, cen t r i fuged ,  and t h e  reducing power i n  m l  KMn04 w a s  determined 

( see  Table  4) .  
w e r e  run  s imultaneously.  

Control  tests a f t e r  i n a c t i v a t i o n  of t h e  enzyme by b o i l i n g  

TABLE 4 

0.14 

Determination of B-amylase i n  coacerva te  

L 0.01 N 
Contrc 4 In m' 

1 

:en t r i  f ugat  e I precipitate 
I 

en t r i fuga te .  

0.16 

0.14 
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The d a t a  of Table 4 show t h a t  B-amylase i s  p resen t  i n  t h e  tercomponent 
coacerva t ive  (conta in ing  gum a r a b i c ,  g e l a t i n e ,  and s t a r c h  s o l u t i o n ) ,  i n  
coacervate  drops ( p r e c i p i t a t e ) ,  and a l s o  i n  t h e  r e s i d u a l  l i q u i d  ( c e n t r i f u g a t e ) .  
The enzyme preserves  i t s  a c t i v i t y  both i n  coacerva te  drops and i n  t h e  
surrounding l i q u i d .  

Conditions are known where amylase, adsorbed on a p r e c i p i t a t e  (with 
h igh  water con ten t ) ,  hydrolyzes s t a r c h  [ 4 ] ;  t h u s ,  t h e  a c t i v i t y  of 
B-amylase, contained i n  coacervate  drops,  is  not  unexpected. 

I n  t h e  p re sen t  s tudy ,  t h e  coacervate  drops were formed from t h e  
t u r b i d  p r e c i p i t a t e .  Poss ib ly ,  i n  remote t i m e s  i n  t h e  bodies  of water on 
t h e  Ear th ,  t h e  emergence of organic  compounds preceded a phase of formation 
of p r e c i p i t a t e s  from organic  compounds. Organic materials were concent ra ted  
i n  t h e  p r e c i p i t a t e s  and t h e  l a t t e r  were a good material f o r  formation of 
coacerva te  drops.  I n  t h e  coacerva te  drops t h e  concent ra t ion  of o rgan ic  
compounds w a s  a l s o  much h ighe r  than i n  t h e  surrounding aqueous s o l u t i o n .  

I n  coacerva te  drops,  containing gum a r a b i c ,  g e l a t i n e ,  s t a r c h ,  and 
t h e  enzyme B-amylase, t h e  process  of decomposition of s t a r c h  t o  low- 
molecular  compounds, i . e . , s u g a r ,  has  been shown. 

The au thors  thank academician A. I. Oparin f o r  guidance i n  t h e  
p r e s e n t  work. 
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